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ABSTRACT 

\ A separable potential model of three coupled channels mr, KK and an ef- 

1 ■ fective 2tt2tt has been constructed and applied in the analysis of the isoscalar 

S-wave nn and KK phase shifts and inelasticities. A relatively narrow scalar 
H-j \ resonance of mass 1400-1460 MeV has been found. This resonance is consistent 

' with the recent CERN observation of an eventual scalar glueball at 1500 MeV. 

(N ■ Other resonances at lower energies like a wide a meson and a narrow /o(980) 

have been confirmed. 
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lO ■ Scalar meson spectroscopy is full of open questions. The internal structure of 

scalars is also very controversial, for example the / (980) state is interpreted as qq, qqqq 
qq \ or KK quasibound state. Mixing of scalar mesons with scalar glueballs is possible; for 

OS ' example the /o(1500) resonance, observed by the Crystal Barrel Collaboration in pn 

annihilation at CERN, was interpreted as a candidate for the lowest scalar glueballB 
The phenomenology of scalar mesons must include studies of interactions between 
different mesons produced in the decay channels of scalar mesons. In Ref.0 the scalar 
meson spectrum was studied in terms of a relativistic nir and KK coupled channel 
model from the mr threshold up to 1400 MeV. The phenomenological parameters were 
constrained by fitting the .S-wave data extracted from the experimental cross sections 
^ ■ on the ix + ix~ production by ir~ scattering on unpolarized hydrogen target^ and further 

constraints were imposed by the KK phase shift analysis of Refia . 

Recently, authors of Ref.H have analysed data obtained on a polarized target by 
the CERN-Cracow-Munich group for the 7r~pj — > 7i + 7i^n reaction. Separation of the 7r 
and a\ exchange amplitudes in this reaction was then possible for the first time. From a 
set of four solutions for the isoscalar S-wave phase shifts up to 1600 MeV, two of them 
("down-flat" and "up-flat") satisfy the unitarity constraint. The "down-flat" solution 
is in good agreement with the former solution of RefJa up to 1400 MeV. Above 1400 
MeV one observes an increase of the phase shifts and larger inelasticities than those 
seen in Q . This could be a manifestation of the presence of scalar mesons /o(1370) or 
/o(1500) in that energy range. There a strong four-pion production has been observed 
in different experiments together with an evidence of clustering into 00 or pp pairs. 

In Ref.Q we have extended the isospin S-wave relativistic 2-channel model 
of RefH by adding to its irn and KK channels an effective third coupled channel, 



here called aa. The reaction amplitudes T satisfy a system of the coupled channel 
Lippmann-Schwinger equations: 



T = V + VGT, (1) 

where V, G and T are 3x3 matrices, V is the interaction matrix and G is the diagonal 
matrix of channel propagators: 



In Eq. (0) is the total energy, Ej = ym] + fc/ and rrij is the meson mass in channel 
j. We consider meson pairs of same mass and momentum kj in their centre of mass 
system. In this way 9 meson-meson reactions are simultaneously described by Eq. ([[]): 

/ TTTT — > 7T7T TTTT — > KK TTTT — > CTCT" \ 

i^K -> 7T7T ifZ -> KiT ATlf -> (TO" . (3) 

V aa — > Tin aa — > KK aa — > crcr / 
We choose a separable form of the interaction: 

n 

< p|Vij-|g >= 53Ay, a ^a,i(p) «,j = 1,2,3, (4) 

where Aj JiQ , are coupling constants and 

9a,j(p) = J— 2 . ( 5 ) 

are form factors which depend on the relative centre of mass meson momenta p in 
the final channel or q in the initial channel. In the tttt channel (j = 1) we choose 
a rank-2 separable potential (n = 2) and in the other channels a rank-1 potential 
(n = 1). Altogether, this model has 13 parameters: 9 coupling constants Xij >a and 4 
range parameters P a j. 

The model is unitary. The diagonal S- matrix elements are parametrized as 

•S-,, '/.,' 2 " > '- 3 = 1,2,3, (6) 

where rjj and <5j are channel j inelasticities and phase shifts, respectively. Expressions for 
nondiagonal elements can be found in Ref.Q . Some of the S'-matrix poles in the complex 
energy plane can be interpreted as resonances. We fit the existing experimental results 
on the 7i7i S'-wave isoscalar phase shifts together with inelasticity in the tttt channel 
and with the KK phase shifts. 

Below 600 MeV we have used data from the K e 4 decay and above 600 MeV the 
"down-flat" and "up-flat" solutions of the analysis of Ref.El on a polarized target. In 
addition we have used the results of the analysis of reactions 7\~p — ► K + K~n and 
7r + n — > K~ K + p , although targets were unpolarized therea . Four fits for S n7T and rj^ 



are compared to the experiment in Fig. 1. Above 1400 MeV both "down-flat" and 
"up-flat" data indicate a decrease towards small values of r\ [r\ « 0.6 to 0.7), albeit 
with large errors. One can notice a better agreement with data of the 3-channel model 
in comparison with the 2-channel one. The main difference between the 2- and 3- 
channel fits lies in 77 above 1400 MeV, where the opening of the aa channel leads to a 
fast decrease of inelasticity parameters. In order to achieve this behaviour, couplings 
between the irir and aa or KK channels should be sizable. Fits of similarly good quality 
were obtained with very different physical parameters in the KK and aa channels. Lack 
of a sufficient number of observables and/or experimental precision, in particular in the 
effective 4ir channel, leads to the existence of several good sets of model parameters 
with quite different channel and interchannel interactions. 

We have studied positions of the S-matrix poles in the complex energy plane 
(E = M — iT/2). These positions have not been parameters of our fits. In our model we 
have not included any kind of arbitrary background to fit the data. We have only fitted 
the meson-meson interaction parameters and then analyzed the analytical structure of 
the reaction amplitudes. At low energy we find a very broad /o(500) resonance (also 
called a meson) of a width between 510 and 560 MeV. In the 3-channel fits the /o(980) 
resonance is seen in a vicinity of the KK threshold with a width of about 60 to 70 MeV. 
The relatively narrow state /o(1400) appears in the 3-channel fits. Its mass varies from 
about 1400 MeV to 1460 MeV and the width is about 150 MeV. This width is close 
to values found by the Crystal Barrel Group (Refill), however the resonance masses 
obtained in our fits are smaller than their values of about 1500 MeV. 

Finally, let us mention an important difference between the fits presented here 
for data taken on a polarized target in comparison withJjhose performed with datatl 
obtained on a nonpolarized target. If we fit the data of RefB using our 3-channel model, 
we obtain a very wide resonance at M = 1521 MeV of width 503 MeV. This means 
that the recent analysis of dataQ supplies new information on the /o(1400) meson. 

In conclusion, we have analysed the isoscalar S-wave nn and KK scattering using 
the CERN-Cracow-Munich dataH in the framework of the 2- and the 3-channel models 
of meson-meson scattering. All fits of the phase shifts analysis^ indicate presence of a 
relatively narrow scalar resonance of mass 1400 - 1460 MeV. This resonance is quite 
compatible with recent observations of a possible scalar glueball at 1500 MeV with a 
width of 100 MeV. 

This work has been performed in the framework of the IN2P3 - Polish Labora- 
tories Convention (project No 93-71). 
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Fig. L Energy dependence of tttt phase shifts and inelasticities: a) fit to "down-flat" data 
of ref.H , thick solid line corresponds to fit A, thin solid line to fit B and dotted line to the 
2-channel model fit; b) fit to "up-flat" data of refl , thick solid line corresponds to fit C, 
thin solid line to fit D and dotted line to the 2-channel model fit. 



